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(71) We, Tull Aviation Corpora- 
tion, a corporation organised and existing 
under the laws of the state of Delaware 
United States of America, of 4 Kaysal Court 
5 Annonk, New York. 10504, United States 
of America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
K to be performed, to be particularly de- 
10 scribed in and by the following statement: 

This invention relates to control and re- 
mote data acquisition systems which are 
particularly useful for electronic naviga- 
15 tional aid transmitters. 

It is anticipated that electronic naviga- 
tional aids, such as instrument landing sys- 
tems, will be provided at more and more air- 
™ P 01 *: Hoover, one of the major problems 
20 in this is the expense of continually check- 
ing the equipment to make sure that it is 
functioning properly and to try to prevent 
breakdowns. 
It is the present common practice to have 
25 a serviceman on duty at all times to keep 
track of the operation of radio navigational, 
aid tra nsmitt ers, such as instrument landing 
systems tr ansmi tters, which may be oper- 
_ 5?? or near * airports which they serve.' 
30 This serviceman must take daily test volt- 
age readings at various parts of the system 
for the purpose of determining that the 
system is operating correctly, and. also for 
the purpose of making a monthly report 
35 of the dairy readings as may be required for 
government regulating agencies. 

It is one object of the present invention 
to provide for remote surveillance of equip- 
ment such as radio navigational aid trans- 
40 milters, and for remote accumulation of the 
transmitter condition voltage readings for 
the generation of reports as may be required 
for governmental agencies and for other 
purposes. The remote surveillance permits 
45 the accumulation of data for a number of 
tr ansmitt ers at a single central station where 
the data can be quickly and expertly an- 
alyzed for the purpose of detecting and 
• anticipating service difficulties. 
50 The present invention is a remote oper- 



ating condition data aquisition system com- 
prising 

means for sequentially taking data read- 
ings indicative of a plurality of different 
ZTf^ conditions, said sequen- 55 

fading means being dedicated to 
*e taking of data readings relative to the 
operating conditions of an associated elec- 
tronic apparatus and being operable inde- 
pendent of sequence initiation signals from 60 
an outside source, means coupled to said se- 
quential data reading means for converting 
said data readings to form which can be 
transmitted over a voice band-width com- 
munication Kn1r A ^ 

a voice link interface means coupled to 
saw converting means, and 

means coupled with said converting means 
and said . interface- means for storing said 
o^^eadmgs for subsequent read-out said 70 
interlace means being operable to establish 
a connection with a non-dedicated voice 
channel for transmitting said converted data 
readings from said data storage means over 

m« JftSS tQ a station re- 75 

mote from said system. 

Embodkents of the present invention 
will now be described, by way of example, 
wim reference to. the accompanying draw- 
ings m which: — gQ 

Fig- 1 is a schematic diagram fflustrating 
a preferred form of the invention. 

rig. 2 is a schema t i c block diagr am illus- 
trating further details of portions of the 
embodiment of Fig. 1, and 85 

rig. 3 is a schema t i c diagram of a modi- 
fication of the invention. 

Referring to Fig. 1, a navigational aid 
transmitter is schematically indicated at 10 
A monitor 12 is provided, which may con- 90 
sist or one or more ground-based receivers 
to detect whether, the transmitter 10 is 
toc^oning correctly. When the monitor 
detects that transmitter 10 is not functioning 
correctly, rt emits an error signal through a 95 
delay circuit 14 to shut down the transmtaer 
10 after a suitable time delay. 

nJESi S £ Jten } *L operable under the 
control of a clock. 16, and a control unit 18. 
to make a series of electrical measurements 100 
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of the physical operating conditions within 
the transmitter 10 at periodic intervals, such 
as once a day. When these measurements 
are made, they are automatically trans- 
5 mitted in sequence through a multiplex 
switch 20 to a digital voltmeter 22. From 
digital voltmeter 22, the measurements are 
each recorded as an eight binary digit word 
in a data storage shift register 24. At some 
10 time during the day, from a remote central 
station, a telephone connection is established 
to the data store 24 through the telephone 
interface unit 26, a data transmission unit 28, 
which is a modulator-demodulator unit, and 
15 a telephone line connection 30. At the 
central station, the data may be recorded 
for the purpose of generating reports to the 
appropriate government agency, and it may 
be analyzed for indications of trouble in the 
20 transmitter. Conventional telephone lines 
or other voice communication links may be 
employed for transmission of the data to 
the central station. 

In addition to voltage and current mea- 
25 surements which are taken at a predeter- 
mined time as measured by the clock 16, 
special event detectors 32 are provided for 
the purpose of indicating the occurrence of 
special events which may cause trouble with 
30 the transmitter. These special events may in- 
clude, for instance, the presence of an in- 
truder, the presence of a very high tem- 
perature condition, or the occurrence of a 
high velocity wind gust Whenever one of 
35 these special events is detected, a special 
binary digit is set in the data store shift 
register 24 indicating the occurrence of that 
particular special event, and a reading is 
also recorded in a special field of the data 
40 store shift register from clock 16, indicating 
the exact time of the special event. The 
special event data is thus automatically trans- 
mitted to the central station along with the 
voltage and current measurements when- 
45 ever the data transmission from the data 
store shift register is made. 

Whenever the monitor 12 detects a mal- 
function of the system which is of sufficient 
importance to shut the system down, it also 
50 actuates the control 18 to cause a special 
operation of the multiplex switch 20 to cause 
the recordation of the voltages and currents 
present in the transmitter at that time. This 
data recording procedure occurs during the 
55 time delay afforded by the delay device 14. 
The data thus recorded may displace any 
data previously recorded in the data store 
shift register, or a separate section of the 
shift register may be provided to record 
60 data at monitor shutdown. In this con- 
tingency of shutdown by the monitor 12, the 
control 18 also causes the telephone inter- 
face 26 to operate through an autodial unit 
34 to call out from the location of the ap- 
65 paratus to the central station through con- 



nection 30 to transmit a message to the 
central station indicating that the transmitter 
has been shut down by the monitor, and to 
also transmit the data stored in the shift 
register 24. With the information con- 70 
tained in the data transmitted to the cen- 
tral station, a determination can be made as 
to the nature of the problem, including the 
possibility that some special event of a 
transitory nature may have caused the 75 
failure, and that the transmitter can be 
safely returned to service without local 
attention from a service man. If this is not 
possible, the data will show the nature of the 
problem and may indicate which of a limited 80 
number of replaceable units must be re- 
placed or repaired in order to treturn the 
equipment to service. 

The usual interrogation of the system may 
be carried out from the central station by 85 
means of a computer, the computer in- 
cluding a section of memory assigned for 
the storage of all of the day-to-day test 
data from each particular transmitter. At 
the end of a month, or other prescribed re- 90 
porting period, the data may be removed 
from the computer memory section assigned 
to each particular transmitter and recorded 
for the purpose of reporting the data to 
the appropriate government agency. 95 

In response to commands received over 
the telephone line 30 through the telephone 
interface Unit 26, the control 18 is pre- 
ferably capable of carrying out various com- 
mands, including a command to shut down 100 
the navigational aid transmitter 10, or to 
restart the navigational aid transmitter 10 
after it has been shut down automatically 
by the monitor 12, if it appears that the 
troubles were transitory in nature. 105 

The modulator-demodulator unit 28 
(sometimes referred to as a "modem") is 
capable of translating outgoing digital signals 
to tone signals for transmission on the 
telephone line 30. United 28 is also capable 110 
of translating or demodulating incoming tone 
signals to digital pulse signals. 

Fig. 2 illustrates further details of the 
preferred embodiment of the invention, in- 
cluding the elements necessary to carry out 115 
the functions of the components of Fig. 1 
including clock 16, control 18, multiplex 20, 
digital voltmeter 22, data store shift register 
24, telephone interface 26. and special event 
detector 32. In the embodiment of Fig. 2, 120 
all of the special event data from the special 
event detectors 32 is handled and stored in 
the special event processor 36. The other 
data storage memory functions are provided 
in a multiplex-scanner voltmeter memory 125 
unit 38. United 38 combines the functions 
of the multiplex unit 20, the digital volt- 
meter 22, and the data storage functions of 
the shift register 24 of the system of Fig. 
1. * 130 
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All of the operations are carried out in 
response to command signals from the con- 
trol 18. These commands appear on a 
command bus connection 40 which is com- 
5 mon to all of the other units of the system 
as illustrated in Fig. 2. All data and com- 
munications transmitted to the outside tele- 
phone line at 30A are carried out through 
the telephone interface unit "26. 
10 A read only memory circuit is indicated 
at 42 and identified as a commentary mess- 
age package. This unit is provided for 
the purpose of sending out, on command 
from the control 18, pre-recorded messages 
15 from the transmitter station through the 
telephone line. Such messages may include 
for instance, an identification of the par- 
ticular transmitter station, and specific mes- 
sages such as "We have had a monitor shut 
20 down", or a message initiated by a branch- 
ing circuit when an unrecognized request or 
command is received from the central 
station stating "I don't recognize your 
message** or "Your command has been car- 
25 ried out and we await further instructions 
from you*'. The above list of messages is 
illustrative only. The messages may be 
transmitted in code. 

Commands received from the central 
30 station are carried out through the control 
unit 18 by a closure unit 44. Unit 44 emits 
control signals on lines 46 to open or close 
switches and to thus carry out commands 
received from the central station. Such 
35 commands may include, for instance, shut- 
ting down or restarting the monitor, shut- 
ting down the navigational aid transmitter 
by cutting the main power, or restarting the 
navigational aid transmitter after it is shut 
40 down by the monitor. The closure unit 44 
also includes a storage register which causes 
the commands to be carried out and which 
also continues to store a record of the state 
of the commands which can be interrogated 
45 and read out in response to a request from 
the central station. 

The control of unit 44, and the other 
units, through control unit 18 is carried out 
by commands transmitted on the operations 
50 bus 40. Such commands normally include 
an identification code indicating which unit 
is addressed, and then operations codes com- 
manding the addressed unit to carry out a 
particular operation. Where the command 
55 is for the transmission of data back to the 
control unit 18, that data is transmitted on a 
common data bus 48. While it is shown as 
a single heavy line in the drawing, it is in- 
tended to be a multiple conductor con- 
60 nection which is capable of receiving eight 
binary bits in parallel. Since an alpha- 
numeric character may be represented by 
eight binary bits, this mode of transmission 
may be referred to as "serial by character". 
65 If the data is to be transmitted through the 



control unit 18 and the communications unit 
26 to the telephone line, it is converted to a 
straight serial form within the control unit 
18. The resultant serial stream of data is 
transmitted through a connection 50 to the 70 
communications unit 26, and thus to the out- 
going telephone line connection indicated at 
30A. 

Whenever a command is directed from 
the control unit 18 to any one of the other 75 
units on the command operations bus 40, 
the first step is the emission of a signal 
identifying the unit which is addressed. That 
unit then sends back a signal on a ready flag 
bus 52. This ready signal is preferably 80 
coded to indicate to the control unit that 
the correct addressed unit is responding to 
the address command. The ready signal, in 
effect, conveys the message back to the 
control unit that the unit which has been 85 
addressed has received the address com- 
mand and is ready to respond to further 
commands, whatever they may be. If the 
command is one to read out data, it means 
that the data is ready to be read out. After 90 
the addressed unit has carried out its com- 
manded function, it presents another signal 
to the control unit 18 on the task finished 
flag bus 54. This indicates to the control 
unit that the assigned task has been com- 95 
pleted so that the control unit 18 can pro- 
ceed with whatever comes next This may 
very well consist of addressing the same unit 
or another unit with a different task. 

The chief tasks of the telephone inter- 100 
face unit 26 are to initiate outgoing calls on 
command, and to cause the system to be 
aware of incoming calls, and to establish 
connections with incoming" calls in response 
to commands from the control unit 18. For 105 
this purpose, a special connection 56 is pro- 
vided from the telephone interface unit 26 
to the control unit 18, which may be referred 
to as an answer flag conductor. Whenever 
there is an incoming call, the telephone 110 
interface unit 26 promptly provides a signal 
on this answer flag conductor 56 to the con- 
trol unit 18. Whenever this occurs, the 
control unit 18 initiates an answering routine 
as soon as it has completed any task which 115 
is then in progress. The answering routine 
preferably includes the delivery to the tele- 
phone line of a pre-recorded message from 
the message unit 42 identifying this par- 
ticular station for the benefit of the calling 120 
party (which may be a central station com- 
puter). If the calling party is satisfied with 
this information, the calling party sends a 
coded message which is recognized by the 
control 18 as identifying a calling party 125 
which is entitled to give commands and to 
receive data. If this condition is satisfied, a 
message of recognition is transmitted from 
the message unit 42 back to the calling party 
indicating a request for a command from 130 
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the calling party. The calling party, the 
central station, may then request informa- 
tion, or command various control operations 
which are executed through the closure unit 
5 44. If the calling party does not provide the 
correct identification, the call is terminated. 

The multiplex-scanner voltmeter memory 
unit 38 preferably combines the functions 
of the units of Fig. 1 including the multiplex 

10 unit 20, the digital voltmeter 22, and the 
data storage shift register 24 (excluding that 
portion of storage required for recording 
special events). In the preferred detailed 
form of the invention, the unit 38 includes 

15 two separate and distinct memories for re- 
cording and retaining complete sets of test 
values taken from the navigational aid trans- 
mitter. One of these sets of values is stored 
in what is called Memory A, the contents 

20 of which are available on an output connec- 
tion 58 to the data bus 48, and the other of 
which is identified as Memory B, from which 
the data is available on an output connec- 
tion 60. Memory A is the memory which 

25 receives the transmitter data on a routine 
basis at timed periodic intervals. The re- 
cording of the Memory A data is periodic- 
ally initiated by a signal from clock 16 to 
the control unit 18. The control unit 18 

30 then issues the appropriate commands on 
the command operation bus 40 to the unit 38 
to cause the unit 38 to initiate and carry 
out the data reading cycle. The loading of 
Memory A causes the displacement of data 

35 previously stored in that memory with the 
new data. The new data is then available 
for the entire interval until the clock 16 
again indicates that it is time for a new set 
of data to be recorded. At any time during 

40 that interval, the central station may request 
and receive a read out of the data in Memory 
A. 

If it appears to the monitor that there is a 
malfunction of the system which is so serious 

45 that the transmitter must be shut down, the 
monitor provides an alarm signal on a con- 
nection 12A directly to the unit 38. This 
causes the unit 38 to immediately, and in- 
dependently of control unit 18, record all 

50 of the transmitter test data in the Memory 
B which is normally recorded in Memory 
A. Common multiplex, scanning, and volt- 
meter circuits are employed for the record- 
ings in Memories A and B. The readings 

55 for Memory B are taken during the predeter- 
mined time delay period caused by the 
delay unit 14 of Fig. 1. In response to the 
alarm signal on connection 12A, the unit 38 
emits an alarm flag signal on a connection 

60 62 to the control unit 18. Thiscaiise^the 
c ontrol un it 18_tpjnjtia te the can out rou tine 
for the purposjT ofjspojiii^ 
shutdown, alid-Tor sending to the centr al 
st ati o n all of i l m asaHaSEe laS «*wK***inpr 

65 thft rnnriitinn nf the transmitter at the time, 



o f shutdown, and prior histo rical data. Thus! 
the contents ot Memory B "available on con\ 
nection 60 indicates the condition of then 
transmitter at the time of shutdown, while! I 
the data in Memory A available on con-Ik 70 
nection 58 indicates the condition of theV 
transmitter at the last previous timed re- 
cordation of data. Furthermore, the special 
event processor memory contains data with 
regard to the occurrence of various special 75 
events relating to conditions of operation of 
the transmitter which may have been dis- 
turbed and which could have caused the 
shutdown. 

The special event processor 36 is con- 80 
nected and arranged to receive special event 
signals from individual special event de- 
tectors 32 on lines 64. Unit 36 is operable 
to receive and record special event signals 
completely independent of any commands 85 
from control unit 18. The special event pro- 
cessor unit 36 includes its own memory for 
recording the occurrence of the special 
events together with a record of the time of 
occurrence of each special event based on 90 
time clock information from clock 16A. 
While illustrated separately in the drawing 
for purposes of convenience in representa- 
tion, it will be understood that clock 16A 
may be combined with and constitute a 95 
part of the clock 16 connected to the control 
18. 

The memory contained within unit 36 for 
recording special events is preferably large 
enough to record several occurrences of 100 
every operating condition of the system 
which may be of serious significance in the 
successful production of accurate results by 
the system, and in the detection of causes of 
possible malfunctions of the system. The 105 
special events which are detected may in- 
clude, but are not necessarily limited to the t 
frllnwtrMh^nrrfrrnon nf nn intnidc Lwhi ch \) 

may hp a yrhirh, Ti. pfTfirm. pr an anuria! in If 

SHfib a rmriilinri at to modify t hm navi^tinn Jl 10 
aid transmitter signal pattern ; a high wind Bl 
gusli a higti Temperature condition; a lowB 
temperature condition; a displacement of the! 
antenna of the transmitter, such as by tilt- J | 
ing; a tilting or displacement of one or more/|jl5 
of the monitor antennas; a power failure.Bl 
tripping of the over-voltage relay of theijf 
transmitter; and tripping of the under- I 
voltage relay of the transmitter. 

If any one of the special events occurs 120 
with great frequency, it may indicate the 
prospect of more serious trouble. Accord- 
ingly, it is desirable to have a special re- 
port sent out, Therefore, the special event 
processor unit 36 memory is cleared 125 
periodically ^ when the special event data 
stored therein is read out in response to a 
routine call for data from the central station. 
If a particular special event occurs fre- 
quently enough, the section of the special 130 
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event memory allocated to recording that 
particular special event becomes filled be- 
tween clearing operations. The special event 
processor 36 then sends out a special filled 
5 memory flag signal on connection 66 to the 
control unit 18. In response to this signal, 
the control unit 18 initiates an outgoing call 
to the central station to report the unusual 
frequency of special events. Special measures 

10 may then be taken from the central station to 
remedy the situation, such as by dispatch of 
a serviceman, or by telephoning for the 
assistance of local airport personnel. 
The above explanation assumes that the 

15 special event memory is divided into com- 
partments, with different compartments be- 
ing allocated to the recording of particular 
special events. However, a preferred ar- 
rangement of this memory is to devote the 

20 entire memory to the recordation of all 
special events, recording an identification 
code along with each special event in 
memory to identify which special event is 
being recorded. With this arrangement, the 

25 special event memory flag indicating that the 
memory is full does not occur until all posi- 
tions in the special event memory are filled. 

A very large number of navigational aid 
transmitters can be monitored from a single 

30 central station. Because of the automatic 
long distance dialing capabilities of the 
telephone system available in some coun- 
tries, it is technically feasible for a single 
central station to control, and to gather data 

35 from, navigational aid transmitters located 
all over the country. As long as there is no 
real trouble, the routine data acquisition 
operations may be carried out entirely by 
means of a general purpose computer at the 

40 central station which is programmed to inter- 
rogate a prescribed list of navigational aid 
transmitters, and to record the data ac- 
quired from those transmitters in assigned 
sections of the computer memory. The com- 

45 puter program preferably includes branch- 
ing features which cause the computer to 
recognize any alarming report and to print 
n rit n m^TVf" t rt thr nnrnmn ° P era r Qr sucrx 

»j IStaflon XYZ »t ngyp.iapH , ohio-ssa^r 

50 jrhomtor shnrrl nwn n t 19-15". The alarm 
print out can also include an immediate 
print out of special event data and oper- 
ating condition data. 

The description of the system thus far 

55 has been in terms of digital implementation. 
A digital implementation of this system is 
preferred. However, it is possible to imple- 
ment the system in non-digital form and to 
accomplish virtually all of the functions de- 

60 scribed above. 

Fig. 3 illustrates a modification of the 
invention employing non-digital technology 
in a version of the invention which is simpler 
than that illustrated and described in con- 

65 nection with Figs. 1 and 2. Features of Fig. 



3 which are common to Fig. 1 are identified 
by similar lettering. The various readings 
made by the multiplex unit 20 are detected 
and coded into a form which is directly 
transmittable over the telephone line by a 
voltage controlled oscillator unit 68, and 
the resultant output from the voltage con- 
trolled oscillator can be transmitted directly 
through a connection 70 to control unit 18 
and thus to the telephone interface unit 26. 
In this version of the system, the multiplex 
unit 20 and the voltage controlled oscillator 
68 may be operated continuously so that, 
by means of an incoming interrogation call, 
a continuous flow of data may be obtained 
at the central station indicating the status of 
the various readings within the navigation 
aid transmitter. In this continuous flow of 
data, the multiplex unit 20 is operable to 
provide a distinctive blank period, or some 
other distinctive signal, to signify the begin- 
ning of a new series of readings. The volt- 
age controlled oscillator 68 may be a stand 
ard device having a basic oscillation fre- 
quency of 1.7 Khz, and having a deviation 1 
band width of 300 Hz depending on voltage 
input values. 

The function of memory A in recording 
data at a prescribed predetermined time 
each day is fulfilled in the embodiment of 
Fig. 3 by means of a closed loop tape re- 
corder 72, identified as "recorder A". Re- 
corder 72 is normally maintained inoperable 
to record new data, continuing to maintain 
a record of previously recorded data until 
enabled at the prescribed time of day by a 
signal from clock 16. This recorder is then 
operable to record a full cycle of data 
from the voltage controlled oscillator 68 and 
to then discontinue recording to maintain 
storage of the data just recorded. This data, 
in this modification, may be supplied on 
command through the connection 74, the 
control 18, and trie telephone interface 26 to 
the central station. 

The recorder B is similar to recorder A 
and serves the function of the memory B 
previously described in connection with Fig. 
2, by recording and holding a record of the 
measured conditions of the navigation aid 
transmitter just before a monitor shutdown. 
In this version of the system, the recorder 
B is simply left on, to continuously record 
the quantities detected by the voltage con- 
trolled oscillator 68 and the multiplex unit 
20, and to continuously re-record those 
quantities as the multiplex unit continues 
to recycle. However, if there is a monitor 
shutdown, the monitor 12 issues a signal on 
line 76 to recorder B to disable the erase 
and recording beads so that the recorder B 
continues to contain and preserve the last 
previous series of measurements before the 
monitor shutdown occurred. Theses mea- 
surements are therefore available to the 
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central station through connection 78, con- 
trol 18 and the telephone interface 26. 

Provisions are preferably included in the 
telephone interface 26 and control 18 for 
5 receiving from the central station over the 
telephone line 30 various control commands 
which can be carried to the transmitter 10 
and monitor 12 over line 80. In a simple 
form of die invention, these commands may 
10 be transmitted by a sequence of different 
oscillator frequency tone pulses such as the 
pulses which can be generated by a now 
commonly available multi-frequency push- 
button dialing telephone instrument. The 
15 system is preferably arranged so that the 
tone commands are echoed back through 
the system so the central station can con- 
firm that the commands were received. 
With the embodiment of Fig. 3, thirty-two 
20 data channels may be provided with the 
signal voltage controlled oscillator 68 which 
is shown. A reading speed of 40 samples 
per second is possible. Accordingly, a com- 
plete reading cycle can be accomplished well 
25 within a one second period. Not all of the 
32 channels are necessarily available for 
data. In one detailed embodiment, three 
channels are occupied in signalling the be- 
ginning of the scan, three channels are 
30 occupied with calibration voltages, and two 
channels are occupied with internal com- 
mands. 

As in the embodiment of Fig. 1, the com- 
munication with the telephone line 30 
35 through the interface unit 26 is carried out 
through an auto-dial unit 34. A modulator- 
demodulator is not required because there 
is no conversion between digital and oscil- 
lator tone signals. The functions of the 
40 digital voltmeter 22 of Fig. 1 and the modu- 
lator-demodulator 28 of Fig. 1 are effec- 
tively combined in Fig. 3 in the voltage con- 
trolled oscillator 68. A data coupler 82 may 
be required to couple the auto-dial unit to 
45 the telephone line. 

In each of the embodiments providing 
storage of data from the multiplex unit 20, 
the time of day of the recording of the data 
is preferably recorded along with the data. 
50 Thus, it is always possible for the central 
station to determine, by interrogation of 
the memories not only the test data recorded 
in the memories, but also the time of day 
when the test data was taken. 
55 While the multiplex unit 20 is represented 
-in both Fig. 1 and 3 as gathering data re r 
lating only to the navigation aid transmitter, 
it is understood that data may also be simul- 
taneously gathered from the monitor 12 to 
60 determine whether the monitor is operating 
correctly. This is important because im- 
proper operation of the monitor may cause 
improper monitor shut-down of the trans- 
mitter, or may make the monitor incapable 
65 of pronerly monitoring the transmitter and 



thus prevent the monitor from causing a 
shutdown of the transmitter when the trans- 
mitter is not operating correctly. 

Emphasis is placed above on the cap- 
ability by the system to use ordinary tele- 70 
phone lines, which are not dedicated lines, 
for the voice band width communication 
links between the central station and the 
individual transmitter station. It will be 
understood that the term telephone, as used 75 
in this connection, is not necessarily in- 
tended to be restricted to wired telephone 
interconnections. Thus, it is well known 
that in present practice, many commercial 
telephone voice band links are completed by 80 
radio. Furthermore, it is within the scope 
of this invention to employ radio-telephone 
or radio terminal equipment either at the 
central station, or at the individual trans- 
mitter station, or both, rather than employ- 85 
ing telephone terminal equipment. How- 
ever, the telephone type of terminal equip- 
ment is preferred. An important feature is 
that, whether employing wired telephone 
voice band links, or radio voice band links, 90 
the system does not require the use of dedic- 
ated lines, or dedicated channels, but rather 
can rely upon the automatic establishment 
of connections from time to time as needed. 
Furthermore, the references to telephone 95 
lines may be considered, in the broadest 
sense, to include other voice band-width 
communication links. 

WHAT WE CLAIM IS: — 100 
1. A remote operating condition data 
aquisition system comprising 

means for sequentially taking data read- 
ings indicative of a plurality of different 
physical operating conditions, said sequen- 105 
tial data reading means being dedicated to 
the taking of data readings relative to the 
operating conditions of an associated elec- 
tronic apparatus and being operable inde- 
pendent of sequence initiation signals from 110 
an outside source, means coupled to said se- 
quential data reading means for converting 
said data readings to form which can be 
transmitted over a voice band-width com- 
munication link, 115 

a voice link interface means coupled to 
said converting means, and 

means coupled with said converting means 
and said interface means for storing said 
data readings for subsequent read-out, said 120 
interface means being operable to establish 
a connection with a non-dedicated voice 
channel for transmitting said converted data 
readings from said data storage means over 
the voice channel to a central station re- 125 
mote from said system. 

2. A system as claimed in claim 1, in 
which said interface means is operable to 
establish the connection to the communica- 
tion link for transmitting the data readings 130 
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in response to an incoming interrogation 
call. 

3. A system as claimed in claim 1 or 
claim 2, including 

5 a time clock and a control means operable 
to cause recordation of said operating con- 
dition data readings in said data storage 
means at predetermined time intervals. 

4. A system as claimed in any preceding 
10 claim, in which 

said remote operating condition data ac- 
quisition system comprises a single station in 
a network of similar data acquisition sys- 
tems, 

15 said network including a central station 
connected and arranged with communication 
link call-out equipment to establish con- 
nections to each of said remote data ac- 
quisition systems. 

20 5. A system as claimed in any preceding 
claim, in which 

said sequential data reading means com- 
prises a multiplex cycling switch means con- 
nected for detecting said different operating 

25 conditions in sequence in terms of voltages, 
and a single voltage conversion device 
connected to said multiplex switching means 
for operation sequentially to convert a plur- 
ality of the voltages from said multiplex 

30 switch means to electrically record table 
signals. 

6. A system as claimed in claim 5, in 
which 

said voltage conversion device comprises 
35 a digital voltmeter. 

7. A system as claimed in claim 5, in 
which 

said voltage conversion device is com- 
bined in said means for converting said data 
40 readings to a form which can be transmitted 
over a voice band-width communication 
link. 

8. A system as claimed in claim 7, in 
which 

45 said voltage conversion device comprises 
a voltage controlled oscillator. 

9. A system as claimed in any preceding 
claim, in which 

there is provided means responsive to 
50 command signals received over the voice 
channel through said voice link interface 
means, 

said means for receiving said command 
signals being operable for carrying out the 
55 commands, 

the commands being commands affecting 
the electronic apparatus. 

10. A system as claimed in any preced- 
ing claim, in which 

60 there is provided means for detecting at 
least one special event affecting the oper- 
ating conditons of said eelctronic apparatus, 
and . 

a storage means for storing an indication 
65 of the occurrence of the special event. 



said storage means being operable to 
supply the special event indication through 
said voice link interface means along with 
the data readings over the voice channel. 

11. A system as claimed in claim 10, in 70 
which 

there is provided a time clock, 
said storage means being connected to said 
time clock for storing an indication of the 
time from said time clock when the special 75 
event is detected, and 

_ said storage means being operable to pro- 
vide said time indication along with the 
special event indication through said voice 
link interface means. 80 

12. A system as claimed in claim 10 or 
claim 11, in which 

there is included means for detecting the 
condition when said special event storage 
means is full, and 85 

a control means connected to receive a 
signal from said detecting means indicating 
that said storage means is full, 

said control means being connected to 
said voice link interface means and operable 90 
in response to said special event storage 
means full signal for establishing an out- 
going connection to transmit the stored 
special event information over the voice 
channel. 95 

13. A system as claimed in any preced- 
ing claim, in which 

there is provided a monitoring apparatus 
operable to monitor the useful signal out- 
puts of the electronic apparatus and to de- 100 
tect a malfunction of the electronic apparatus 
in terms of a failure to deliver an accurate 
signal output, 

said data storage means being coupled to 
said monitor and operable in response to 105 
the detection of a malfunction of the elec- 
tronic apparatus for recording said oper- 
ating data readings. 

14. A system as claimed in claim 13, in 
which 110 

said voice link interface means includes 
means for initiating an outgoing connection, 
a control means operable to receive the mal- 
function signal from said monitor, 

said control means being operable in re- 115 
sponse to said malfunction signal to actuate 
said voice link interface means to initiate 
an outgoing connection to provide a message 
on a voice channel to a central station to in- 
dicate the malfunction of the apparatus and 120 
to transmit the data stored in said data 
storage means to said central station to in- 
dicate the operating conditions of said ap- 
paratus at the time of malfunction. 

15. A system as claimed in claim 13 or 125 
claim 14 in which 

there is provided means operable after a 
predetermined delay for shutting down said 
apparatus in response to a detection of a 
malfunction by said monitor. 130 
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16. A system as claimed in any of claims 
13 — 15, in which 

said sequential data reading means is oper- 
able to take a plurality of different data read- 
5 ings indicative of a plurality of different 
operating conditions of said monitor as well 
as the operating conditions of said ap- 
paratus. 

17. A system as claimed in any preced- 
10 ing claims, in which 

said electronic apparatus is a radio 
navigation aid transmitter, 

and the useful signal outputs are radiated 
radio navigation aid guidance signals. 
J 5 18. A system as claimed in any preced- 
ing claim, in which 

said voice band-width communication link 
is a telephone link, 



said voice link interface means is a tele- 
phone interface means, 20 
and said voice channel is a telephone line. 

19. A system substantially as herein- 
before described with reference to Fig. 1 
of the accompanying drawings. 

20. A system substantially as herein- 25 
before described with reference to Figs. 1 
and 2 of the accompanying drawings. 

21. A system substantially as herein- 
before described with reference to Fig. 3 of 

the accompanying drawings. 30 

For the Applicants, 
GRAHAM WATT & CO., 
Chartered Patent Agents, 
3/4 South Square, Grays Inn, 
London, W.C.I. 
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